In this work, an activated carbon derived from date pits and stems (DPSAC) was prepared by physical activation under N 2 and used as a support of cobalt transition metals, by wetness impregnation at different Co content and different calcination temperatures. The optimal operator conditions were 20 wt% cobalt impregnation ratio and 300°C calcination temperature. The grafted material was characterized by methods: thermo gravimetric analysis (TGA), scanning electron microscopy (SEM), Fourier transform of infrared spectroscopy (FTIR). The activated carbon (DPSAC) and grafted activated carbon (Co/DPSAC) were realized on adsorption of 2,4-dichlorophenoxyacetic acid (2,4-D) from aqueous solution , it was found that the cobalt-grafted dates pits and stems activated carbon promoted the 2,4-D adsorption kinetics, The Langmuir and Freundlich isotherms models were applied for the adsorption results. The rate of adsorption of 2,4-D onto (DPSAC) and (Co/DPSAC) were estimated and described using a pseudo-second order model.
INTRODUCTION
The pesticides in agricultural are applied to increase the profitability and quality of products; however, soils and water sources can become contaminated with these pesticides 1 . Chlorinated phenoxyacetic acid herbicides have been used as common weed killers. These elements are similar to the hormones of the natural plant and have become significant source of environmental pollutants 2 .
2,4-Dichlorophenoxyacetic is the more acidic herbicide used with high toxicity. 2,4-D is considered as a potential carcinogen and mutagen and persistent environmental pollutants by the International Agency for Research on Cancer, and is one of the common known endocrine disrupting chemicals 3 . 2,4-D may have other possible negative effects on human and animal health and fresh water ecosystems 4 .The recommendation of the World Health Organization (WHO) for the maximum admissible concentration of 2,4-D is 70 μg/l in drinking water 3 . Some methods have been published for the removal of organic pollutants and pesticides from water 5 . Those methods include: oxidation, reverse osmosis, ion exchange, Electrodialysis, electrolysis and adsorption.Many adsorbents have been developed for organic pollutants removal 1 . Activated carbon (AC) is one of these adsorbent, they can be made from nearly any organic material rich in carbon and preferably with low content in inorganic matter. In the last years, many agricultural materials are used and still receiving renewed attention such as date stones, esparto grass, peach stones, pomegranate seeds, rice straw, pistachio nut shells, apricot stones, grain sorghum, cherry stone,corncob and some other agricultural by products 6, 7, 8, 9 . Generally, in laboratory scale, the preparation of activated carbon cans either chemical or physical activation. The chemical activation process is in general performed by oneor two-step activation methods. In the first one (onestep), a raw material is impregnated with a dehydrating agent (KOH, K 2 CO 3 , NaOH, Na 2 CO 3 , AlCl 3 , ZnCl 2 , MgCl 2 , H 3 PO 4 and H 2 SO 4 ) and the impregnated material is heat-treated under inert atmosphere 10 . The physical activation process is generally conducted in two stages: decomposing the hydrogenated matter by pyrolysis at high temperature and activation under gas flow in order to open the porosity. For mild oxidation of the carbonaceous material In this process, steam nitrogen, carbon dioxide or both of them are 11 . One of the most well-established and effective techniques for the removal of 2,4-D and pesticides from water is adsorption on activated carbons 12, 13, 14 .
A wide range of adsorbents have been used for the removal of the 2,4-D: fungal Penicillium chrysogenum biomass 15 ; a prepared adsorbent from groundnut shell 14 ; activated carbon made of langsat empty fruit bunch 16 ; oil palm frond activated carbon 17 ; banana stalk activated carbon 18 ; Modified granular activated carbon 19 ; modified jute 20 etc. Great efforts have been made on development of multi-functionalized activated carbons, such as impregnation of functionalized metal ions/metal oxides on carbon surface. This kind of activated carbons can remove organic matters and cationic/ anionic contaminants in the same time 21 .However, the transition metals as (Mn; Fe; Co; Ni; Cu; Zn; etc.) have yet been mentioned in the literature as potential of catalyst. So in this study, we have first used dates pits and stems, an Algerian waste, generated in big quantity from the pastry date factories to produce a low cost adsorbent using physical activation with steam and then. We evaluated its adsorption capacity from 2,4-dichlorophenoxyacetic acid removal. To, in order to increase the adsorption capacity of the prepared activated carbon we grafted it surface by impregnation with Cobalt (Co), a transition metal; that it was played a function of catalyst support on dates pits and stems activated carbon (Co/DPSAC) to accelerate the 2,4-D adsorption rate and increase the activated carbon adsorption capacity. 
MATERIALS AND METHODS

Materials
Preparation of the activated carbon
Dates pit and stems were obtained from the Algerian pastry date factories. First, the pits and stems were washed, and dried at 110°C for about 12 h, then, they are ground to grind between 0,5 and 4 mm and sifted. The gotten grains are impregnated in an acid sulfuric solution (H 2 SO 4 at 60 and 40%) respectively, washed with distilled water until neutral pH, dried at 105°C during 24 h, and finally were kept in a desiccator to protect them from moisture. Than the precursor is pyrolysed and activated out under nitrogen flow in a horizontal tubular furnace. The reactor was a quartz tube which was placed in the furnace. For all the pyrolysis operations, about 20 g of entire date pits and stems were placed in the middle of the reactor for pyrolysis and activated for 2 h. under 100 cm 3 /min. nitrogen flow and 10°C/min. heating rate 11 . The pyrolysed dates pits and stems are physically activated in an inert atmosphere N 2 /H 2 O, at different temperatures (700, 800, and 900°C).
Impregnation
Dates Pits and Stems Activated Carbon (DPSAC) are first impregnated in (10:30)ml of ethanol/distilled water; then we have added a solution of Cobalt (II) acetate tetra hydrate C 4 H 6 CoO 4 . 4H 2 O drop by drop at different proportion (10 wt%, 15 wt% and 20 wt%) then, pH was neutralized to 11 by drop of NaOH (1M) with magnetic stirring at room temperature for 24 h; after that the mixture was placed in ultrasonic apparatus for 2 h; finally the mixture was separated; the obtained solid was evaporated and calcined at different temperature (400, 300 and 500°C) for 2 hours.
Adsorption of 2,4-D on (DPSAC) and (Co wt%/ DPSAC)
Removal of 2,4-D from aqueous solution on DPSAC and Co/DPSAC was recording by adsorption isotherm performed in the optimal conditions. Kinetic experiments and effects of some operating parameters (adsorbent amount, pH, Cobalt impregnation percentage, calcination temperature; and 2,4-D solution temperature) was studied. The contact time is a very critical parameter to insure the success of the adsorbents for practical application [22] [23] .
Adsorption tests were performed in a set of 100 ml Erlenmeyer flasks, by contacting 50 ml 2,4-D solutions of 10 mg/l initial concentrations with 0.1g of (DPSAC) and (Cowt% / DPSAC) respectively in each flask, at pH 2, and 200 rpm.
Adsorption isotherms
Adsorption studies were carried out in 100 ml flasks at a constant temperature (30°C), containing 0.1 g of each activated carbon and grafted adsorbent with 50 ml 2,4-D; at various initial concentrations (10, 30, 50, 80, 100, 150 mg/l). The flasks were agitated in an isothermal water-bath shaker at 200 rpm until the equilibrium was reached; the concentration of 2,4-D was determined by using UV-VIS spectrophotometer (1800
SHIMADZU) at λ max 284 nm. 2,4-D adsorption at equilibrium, q e (mg/g) was calculated by the following equation :
Where C 0 and C e (mg/l) are the liquidphase concentrations of adsorbate at initial and equilibrium, respectively.V is the volume of the solutions (L), and m is the mass of the used adsorbent (g). The adsorption removal, R (%) of 2,4-D
Adsorption models
Two adsorption models (Langmuir and Freundlich) were applied to the experimental data 22, 23, 24, 25 .
The linear expression for the Langmuir isotherm is q m and K L are the maximal adsorption capacity (mg/g) and the Langmuir equilibrium constant (L/g), respectively.
The Freundlich model is given by the linear equation: K F is the Freundlich adsorption constant (mg/g), n is a parameter usually greater than unity and related to the deviation of the isotherm from linearity. The adsorption isotherm shape depends on the n parameter value, in fact, a n higher value correspond more to the type I shape 11 , 22 .
Adsorption rate modeling
In this study, two models were used to describe the 2,4-D adsorption kinetics on the prepared adsorbent because of their simplicity and their ability to describe the adsorption kinetics of organic pollutants 9 , 26, 27 The rate constant for adsorption were fitted to the pseudo-first-order and pseudo second-order kinetic equations eq. (5) and eq. (6) respectively.
Where, q t is the amount of 2,4-D adsorbed at time, t, and k 1 and k 2 (minute -1 ) are pseudo 1st and pseudo 2nd order rate constants, respectively.
Characterization
Our raw, activated and grafted date pits and stems were analyzed using several methods. For the thermogravimetric analysis (TGA/DTG) a thermal balance 2050 TGA V5.4A from TA instruments was used. The thermal evolution of the raw biomass and activated carbon was followed from the room temperature up to 600°C. The average mass of the sample used was of about 20 mg. Infrared analysis (FTIR) spectra were recorded over the wave number range 4000-650 cm −1 by using the KBr wafer technique and Perkin Elmer (Spectrum One FTIR) spectrometer.
A scanning electron microscopy (SEM) was used to observe the surface structure of raw biomass, activated and grafted materials Co20wt%/ DPSAC calcined at 300°C by using High Resolution Quanta FEI200; Crech Republic.
RESULTS AND DISCUSSION
Effect of the activation temperature
From (Fig.1) , we can observe that the adsorption capacity increase with increase of activation temperature; the best activation temperature is 900°C because the 2,4-D adsorption capacity was well. Results of (TGA/DTG) (Fig.11 ) and the trials of 2,4-D adsorption capacity (Fig.1) , can confirm this fact. Dates pits and stems activated carbon prepared at 900 °C for 2h and grafted by 20 % Co; calcined at 500°C for 2h Co20wt% at 400°C
Dates pits and stems activated carbon prepared at 900 °C for 2h and grafted by 20 % Co;calcined at 400°C for2h Co20wt% at 300°C
Dates pits and stems activated carbon prepared at 900 °C for 2h and grafted by 20 % Co; calcined at 300°C for 2h 
Effect of the activated carbon mass The effect of different DPSAC masses (0,02-0,1-0,2-0,3-0,4 and 0,5 g) on 2,4-D removal was studied. The optimal DPSAC mass was chosen when the adsorption capacity was remained constant. The 2,4-D initial concentration was fixed at 10 mg/l, the optimal mass was 0,1g as shown in (Figure. 2). adsorption capacity. According to the adsorption tests it was found that 20 wt% of cobalt was the best percentage, the kinetics of adsorption was proportional to the higher percentage of cobalt; and the equilibrium contact time was reached at 600 min, (Figure.4) . 
Effect of solution pH
About 0,1 g of (DPSAC) was added to 50 ml 2,4-D solution of 10 mg/l at different pH (2, 3, 5, 6, 8, 10, and 11). The pH was adjusted using 0.1 M H 2 SO 4 and/or 0.1 M NaOH and was measured using pH meter inolab WTW PH 730. It was found that DPSAC adsorbed better the 2,4-D at pH=2 as shown on the curve (Figure. 3).
Effect of impregnation proportion
The preparation of different activated carbons supported Co metal was designated as (Co/ DPSAC); (Table-1) .A series of Co/DPSAC were prepared by wetness impregnation from different content Co (10 wt%, 15 wt%, and 20 wt %) 28 .
The adsorption capacity of the three proportion prepared material were tested by 10 mg/ l 2,4-D solution and compared with the DPSAC
Effect of calcinations temperature on Co20wt% / DPSAC
To study the effect of calcination temperature on Co20wt% /DPSAC (prepared in the best conditions), different calcination temperature (300°C, 400°C and 500°C) were used as shown in (Fig.5) . Results showed that the equilibrium contact time decrease with increase of calcination temperature (420 min.; 600 min and 780 min.). So, 300°C is the best calcination temperature.
Effect of 2,4-D solution temperature
The adsorption of 10 mg/l of 2,4-D on Co20wt% / DPSAC was tested at different 2,4-D solution temperatures (19°C; 30°C; and 60°C).
According to the equilibrium contact time of adsorption tests; it was found that the solution temperature at 30°C showed an average increase in the adsorption kinetics as exposed in (fig.6) ; indicating that the adsorption process of (2,4-D) on the (Co20wt%/DPSAC) is particularly exothermic.
Effect of 2,4-D concentration
The series of experiments were performed with different initial concentration of 2,4-D (10, 30, 50, 80, 100, and 150 mg/l); on 0,1g of Co20wt%/ DPSAC calcined at 300°C.
The results (Fig.7) designated that the adsorption capacity of the grafted activated carbon increases with the increase of the initial 2,4-D concentration. The adsorption kinetic was a medium and reached equilibrium between 300 min and 540 min, with maximum adsorbed amount of 31 mg/g.
Effect of contact time on the adsorption removal
The effect of contact time on the amount of 2,4-D adsorbed by (DPSAC) and (Co20wt%/ DPSAC) was studied using 10 mg/l as an initial concentration of (2,4-D) solution; The results showed that the adsorption removal of the grafted activated carbon Co20wt%/DPSAC calculated from eq. (2) was 95.02% at 300 min and 90,60% at 800 min for activated carbon (DPSAC), (Figure.8 ).
Adsorption Isotherms
Adsorption isotherms of 2,4-D on the activated carbon (DPSAC) and grafted activated carbon (Co20wt%/DPSAC) are reported in (Fig.9) . We observe that the isotherms were of type I; Maximal 2,4-D adsorption capacity definite at the plateau of the isotherm are 29,85 and 32,50 mg/g for (DPSAC) and (Co20wt%/DPSAC) respectively.
The equilibrium adsorption data were interpreted using Langmuir and Freundlich models (Fig.9) ; Values of Langmuir and Freundlich parameters are given in Table 2. from Table -2, we can observe that grafted activated carbon have advanced adsorption capacity and it have accelerated the adsorption reaction compared with the activated carbon, tested for pesticides acid 2,4-D adsorption ;
(qe (DPSAC <qe (Co20wt%DPSAC) ). (Fig.9) illustrate that the fit between experiments and Langmuir model is adequate. The comparison of correlation coefficients (R) of the linearized form of both equations indicates that Langmuir equation better represent the data than Freundlich equation for the experimental equilibrium adsorption data. This indicates that the monolayer adsorption plays a result role in 2,4-D removal from aqueous solution .
The equilibrium parameter (R L ) 29, 30 , is the important parameter characteristic of the Langmuir isotherm. The parameter is defined by eq. (7) Value of R L was established to be 0,066 and 0,031 at T=30°C. This again confirmed that the Langmuir isotherm was favorable for adsorption of 2,4-D on the (DPSAC) and (Co20wt%/DPSAC) respectively used in this study.
Adsorption rate
as q e evaluated from fitting experimental data to Eq. (6) closely coordinated (3,9872 mg/g and 4,7348 mg/g) for (DPSAC) and (Co20wt%/DPSAC) at 30°C with the experimental values (4.535 mg/g and 4,775 mg/g ) for (DPSAC),(Co20wt%/DPSAC) respectively at 30°C ; 2,4-D adsorption shown to have been well modelled by pseudo-second-order kinetics model ( Fig.10 (a) and (b) ). It is apparent from the results listed in Table-3 that 2,4-D adsorption rate for (Co20wt%/DPSAC) was higher than that for (DPSAC).
Characterization Thermo gravimetric analyses
The (TGA/DTG) thermal curve of raw date pits and stems (DPSAC) are exposed in (Fig.11) .TGA analyses demonstrated that the process of mass loss contained 5 step. First, the mass loss 6,031% resulting in moisture elimination occur at 65,54°C, in the second phase, the process of decomposition attains 39.15% load loss at the maximum rate of 278,69°C. The third phase was found at 328,90°C with load loss of 12,48%. After that at 365,25°C there is a loss of 7,709% of mass, the last mass loss was 6,055%, it occurs at 409, 35°C. At first phase, hemicelluloses decompose between (200 and 300°C), next cellulose (300 and 380°C) and finally lignin at (180-500°C) 22, 6, 31 . 
The FTIR analysis
The FTIR spectra of raw activated and cobalt grafted date pits and stems are shown in (Fig.13) .Spectra of dates pits and stems shows many bands characteristic of cellulose, hemicelluloses and lignin, the main compounds of dates pits and stems. Peaks at 3726-3629 and 3400 cm -1 are attributed to O-H stretching vibration in hydroxyl groups 32 . The bands observed at 2923, 2852 and 2360 cm -1 are assigned to asymmetric and symmetric C-H stretching in alkyl groups and C=C groups respectively 32, 33 .C=O stretching in aldehydes, ketons groups and esters are observed at 1740 cm -1 while the skeletal (C=C) stretching in aromatic rings are observed at 1435 cm -1 . The bands at 1365, 1228 and 719 cm -1 are assigned to (C-H) deformations in lignin and (C-H) deformation in cellulose 34 . The (TGA/DTG) thermal curve of date pits and stems activated carbon (DPSAC) are shown in (Figure.12) .
After the thermal activation of dates pits and stems, the peaks between 3726 and 2852 cm -1 exhibit a lower intensity than the raw state because of degradation of water and aliphatic compounds of dates pits & stems. New band assigned to C=C skeletal stretch in condensed aromatic system appeared at 1550 cm -1 indicating the increase of aromaticity in the obtained materials.
The same peaks are observed in FTIR spectra of grafted date pits and stems with cobalt. However a new peaks characteristic of Co/(DPSAC) appeared after impregnation. The peak initially observed at 1555 cm -1 was shifted to 1549 cm -1 in the grafted cobalt date pits and stems activated carbon, and a new peak appears at 1014 cm -1 probably due to the interaction of CO 3 O 4 on grafted cobalt date pits and stems activated Co/(DPSAC). The similar peaks were observed in other study 35 .
IR Spectra obtained for date pits and stems grafted with different cobalt percentage (10wt%, 15wt%, and 20 wt%); and different calcinations temperatures (300, 400, and 500°C) as shown in (Fig.14) and (Fig.15) respectively, exhibit a similar shape, wish indicate that the same functional groups are present in the materials. decomposition of major compounds of dates pits and stems (cellulose-hemicelluloses and lignin) at high temperature.
( Figure.16(C) ) illustrates the surface morphology of Co/DPSAC. We can observe that the surface became porous and smooth; this may be due to the deposition of cobalt at the surface of the material (DPSAC).
Scanning electron microscopy (SEM)
Scanning electron microscopy (SEM) of raw activated and cobalt grafted date pits and stems are shown in Figure.16 (A, B, C) .
It can be seen from the ( Fig.16 (A) ) that the raw date pits and stems have irregular and plugged porous structure but after activation (Fig.16 (B) ) a well degaged and regular porous structure is created. The development of porosity is attributed to the removal of volatile matters resulting from the 
CONCLUSION
Pyrolysis and activation after impregnation of date pits and stems with different cobalt contents are investigated for their potential to accelerate reaction of pesticide acid 2,4-D adsorption from aqueous solution. the material (Co20wt%/DPSAC), was prepared in the optimum conditions : first DPSAC is prepared by pyrolysis and activation at 900°C for 2h, then grafted by 20 wt % of Co; and calcined at 300°C for 2 h. The results shows that the grafted material with Cobalt can play also a roll of catalyst and it can enhance the adsorption kinetics of 2,4-D acid in aqueous solution. In fact, the adsorption of 2,4-D on (Co20wt%/DPSAC) was faster, than this one on (DPSAC); the time necessary to attain adsorption equilibrium was between 300 min and 540 min for (Co20wt%/DPSAC) and between (800 min. to 1440 min.) for (DPSAC) respectively. Also, the maximum adsorption capacity was higher (32,50 mg/g) for (Co20wt%/DPSAC) than the other one (29, 85 mg/g) in (Co20wt%/DPSAC). Adsorption data can be effectively modeled by Langmuir model. The adsorption of 2,4-D on (DPSAC) and (Co20wt%/DPSAC) obeys the second-order model.
The characterization of the raw, the activated carbon and the grafted material by TGA/ DTG showed that 900°C and 300°C is the pyrolysis and activation temperatures for Dates pits and stems (DPS) and Co/DPSAC degradation. FTIR has been shown the Location of active phase into the surface of DPSACto form Co 3 O 4 . SEM micrographs show that the surface became porous and smooth after impregnation with Cobalt. Cobalt grafted dates pits and stems activated carbon was found to be best effective and fast in pesticide acid 2,4-D removing from contaminated water.
